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Abstract 
This paper examines the use of sensor devices in sports biomechanics, focusing on current 
frequency of use of Electromyography (EMG) device preferences. Researchers in the 
International Society of Biomechanics in Sports (ISBS) were invited to participate in an 
online survey.  Responses on multiple sensor devices highlighting frequency of use, device 
features and improvements researchers sought in acquisition and analysis methods were 
obtained via an online questionnaire.  Results of the investigation showed that the force 
platform is the most frequently used device, with inertial measurement units and EMG 
devices growing in popularity.  Wireless functionality and ease of use for both the participant 
and the practitioner proved to be important features.  The main findings of the survey 
demonstrated need for a simple, low power, multi-channel device which incorporates the 
various sensors into one single device.  Biomechanists showed they were looking for more 
availability of wireless sensor devices with acquisition and analysis features.  The study 
found there is a need to develop software analysis tools to accompany the multi-channel 
device, providing all the basic functions while maintaining compatibility with existing 
systems.     
Keywords – Electromyography, Accelerometer, Gyroscope, Inertial Measurement Unit 
Introduction 
An examination of current literature on biomechanics of accelerometers, gyroscopes and 
inertial measurement units (IMU) shows these devices are frequently used in human 
movement analysis (Fong & Chan, 2010; Patel, Park, Bonato, Chan, & Rodgers, 2012).  In 
recent years, there has been a large emphasis on the monitoring of sport performance, 
physical activity and health using IMUs (Fong & Chan, 2010; Yang & Hsu, 2010).  Recent 
advances in wireless technologies and Electromyography (EMG) have enabled its more 
widespread use, such as analysis in track and field athletics to obtain data on muscle 
activations (Chimera, Swanik, Swanik, & Straub, 2004).  Using sensor devices, it is possible 
to gather information on muscle fatigue, performance, rehabilitation and injury prevention by 
analysing the EMG signal (Ditroilo et al., 2011; Nummela, Rusko, & Mero, 1994; Paul & 
Wood, 2002).  The analysis of specific muscles can be extremely useful in prevention of 
injury (Yu et al., 2008). Identifying when the muscles are most active during a movement can 
provide insights on why in certain sports, specific muscles are prone to injury (Kumar, 2001; 
De Luca, 1997).   
The evolution of sensor devices in sports biomechanics has been a critical element for the 
development of the discipline (Kanoun & Trankler, 2004).  The initial devices were designed 
as tethered systems in which long wires connected the sensors to the receiver device (Kamen 
& Gabriel, 2010).  This was problematic as wires can cause interference and restrict the types 
of movement and muscles being analysed (Robertson, Caldwell, Hamill, Kamen, & 
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Whittlesey, 2014).  Data loggers were the next step in the evolution, but most of these 
systems still retained wires. These technologies are generally radio frequency devices which 
need both a receiver and transmitter.   The transmitter is connected to the EMG electrodes via 
wires, again restricting the placement of electrodes and the types of movement that can be 
monitored. More recently, data loggers in which an SD card is used to log the data have been 
developed and this can reduce the mass of the technology, however there are limitations on 
the data being acquired due to memory restrictions.   
Ideally in sports monitoring, there is a need for complete freedom of movement, however for 
non-maximal speed running, treadmills have been used successfully in laboratory situations 
together with tethered EMG systems. In sprinting, the data collection process is more 
challenging with tethered and data logging systems, due to wires and data loggers causing 
encumbrances. Furthermore the use of a treadmill especially when sprinting is likely to cause 
changes in the way the athlete will run (Baur, Hirschmuller, Muller, Gollhofer, & Mayer, 
2007; Savelberg, Vorstenbosch, Kamman, van de Weijer, & Schambardt, 1998; Wank, Frick, 
& Schmidtbleicher, 1998).  Consequently, sprint monitoring of muscle activations and 
performance would be better achieved in an ecologically valid environment such as the track 
rather than a laboratory setting (Baur et al., 2007; Van Caekenberghe et al., 2013). 
Given the evolution of EMG devices, there is a need for new knowledge on the current status 
of sensor technologies and their use in sports biomechanics applications.  Inspection of the 
literature to date shows that no research on sports biomechanists’ and their use of sensor 
technologies has been previously published.  There is also a lack of research on sports 
biomechanists expectations of technologies or to what extent they are operating old and/or 
modern devices.  This suggests there may be a gap in knowledge of multi-sensor devices, 
wireless technologies and the expectations of users.  This paper presents new information on 
sports biomechanists’ expectations, awareness and use of sensors of and their needs in 
relation to sensor technologies. Consequently, the rationale for this survey was to gather 
information from sports biomechanists about the current technologies used, to highlight the 
most suitable EMG devices and features required by practitioners and to provide information 
for sensor developers and users alike.  Since many devices are available, researchers need to 
be able to distinguish which devices have the features they require and whether a single 
device with all the features is available.    Information on fields of expertise of the 
biomechanists and how long they have been working with sensor technologies does not exist.  
Neither is there any demographical data available to demonstrate how the use of various 
methods and technologies vary geographically or by discipline or level of experience.   
The main purpose of this survey was therefore to gather information about the range of 
sensor expertise of sports biomechanists and to obtain specific information on: (i) the systems 
used: (ii) the numbers of researchers using EMG and other sensor devices, (iii) the EMG 
devices used and, (iv) the features and specifications required for EMG devices.  In the 
absence of data on trends of use, the data were inspected for relative differences across 
geographical areas and for gender related changes that may affect the types of human 
movement studies or use of sensor devices. With the advances in technology it was important 
to provide data on differences in use of devices across the years of experience of the 
researchers. 
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Methods 
A total of 68 participants, 55 male (age 42.7 ±12.3 years
1
, mean ±SD) and 12 female 
(age 41.5 ±13.4 years, mean ±SD), took part in this survey
2
.  Ethical approval was granted by 
the University of Limerick Faculty of Science and Engineering Research Ethics Committee, 
with implied consent given if the survey was taken.  This study utilised the  ‘SurveyMonkey’ 
online survey tool (SurveyMonkey, 2014). The inclusion criteria required that participants: (i) 
were involved in biomechanics research or teaching, (ii) used sensor devices to measure 
human movement, (iii) had knowledge of EMG and/or used EMG.   
Various professional groups of sports biomechanists were considered to find the ideal 
population for this survey.  Following careful consideration, it was decided that the 
International Society of Biomechanics in Sport (ISBS) would be the target community as it 
had a huge diversity in members and had the largest database of sports biomechanists from 
around the world.  To avoid overlap and duplication of participants, the survey was not sent 
to other groups in which sports biomechanists were members.  ISBS members were the 
appropriate population for a web based survey given their computer literacy, their experience 
as a web based community and also because  all members could be contacted via email (van 
Gelder, Bretveld, & Roeleveld, 2010). Since the official language of the society is English, 
the survey was published in English.  A pilot test was completed within a local biomechanics 
research group to confirm there was no misinterpretation of the questions. Permission was 
sought from ISBS to send a survey via their mailing list.  Once confirmed the survey was 
published online, the link embedded in an email and sent out to the mailing list.  This gave 
participants the option to participate or ignore the request.   
The survey was structured in four parts: (i) general information about the expertise of 
the participant: the number of years of experience, their current location and aspects of 
human movement measured, (ii) general information about the frequency of use of various 
types of sensors and devices, (iii) specific information about the use of EMG: various 
technologies and specifications of the devices and (iv) specific questions about acquisition 
and analysis features required.   
 
Statistical Analysis 
Analysis of the responses was conducted offline using SPSS version 22.0 for Windows (IBM, 
Armonk, NY, USA).  Frequency analysis was conducted on each question with results 
presented as absolute frequency counts and percentages of total population.  Given that the 
data was predominately rank order nature, all of the parametric requirements were not 
satisfied.  Non-parametric tests were performed on the data. Cross tabulations using the years 
of experience, geographical region and expertise were performed against the specific 
questions on sensor devices, human movement measures and data analysis techniques to 
identify trends.  Chi-Square tests were performed to deduce if: (i) gender depends on 
geographical region or the years in sports biomechanics research, (ii) geographical region 
depends on years in sports biomechanics research, (iii) the frequency of use of sensor devices 
depends on the sub-discipline of expertise, (iv) the Likert scale on sensor specifications 
depends on the frequency of use of sensor devices and, (v) the awareness or use of EMG 
devices depends on the geographical region of participants..  When the sample size was too 
small for this test to be valid, Fisher’s Exact Test was used for relatedness and Cramer’s V to 
measure the relationship strength.  
                                                          
1
 4 male participants did not disclose their ages 
2
 1 participant did not disclose gender or age 
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Figure 1. Locations of researchers who participated in the survey. 
Results 
Participant Specific Demographics 
Figure 1 identifies the proportions of researchers from different countries.  Countries were 
categorised into three geographical regions: The Americas (AMER), Europe, Middle East & 
Africa (EMEA) and Asia Pacific (APAC).  Table 1 shows the cross tabulation of the number 
of years researchers have been involved in biomechanics, gender and the geographical region.   
It can be identified that in recent years there is a higher percentage breakdown of females 
than males in sports biomechanics research, however there is no significance between these 
categories.  Despite no significance and a weak relationship between categories, there are still 
more males in each geographical region: APAC (88.9%), EMEA (83.9%) and AMER 
(72.2%).   
The main areas of expertise are identified Table 2.  Of the participants who signified 
expertise in sports biomechanics, kinematics, sports performance and kinetics showed the 
highest percentage of expertise.  In a similar fashion, Table 3 outlines the main aspects of 
human movement measures by researchers.  Sports performance, ground reaction forces, 
muscle activity and gait studies are the human movement measures performed by the 
majority of researchers. 
Nature and Use of Sensors 
Table 4 identifies the frequency of use by sports biomechanics experts of the various sensor 
devices and their preference whether these sensors should be included in a single multi-
channel device. The force platform, accelerometer and EMG devices are the most frequently 
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used.  The accelerometer EMG, GPS and gyroscope are the devices most desired in a multi-
channel device.     
Table 1. Cross tabulation of the number of years of experience, gender and geographical region. 
  
Gender* Geographical Region* 
Male Female AMER
1 
EMEA
2 
APAC
3 
Y
ea
rs
 i
n
 S
p
o
rt
s 
B
io
m
ec
h
a
n
ic
s*
 
0 – 4 years 7 (12.7%) 4 (33.3%) 3 (16.7%) 6 (19.4%) 2 (11.1%) 
5 – 9 years 8 (14.5%) 2 (16.7%) 2 (11.1%) 5 (16.1%) 3 (16.7%) 
10 – 19 years 19 (34.5%) 3 (25.0%) 3 (16.7%) 13 (41.9%) 6 (33.3%) 
20 – 29 years 13 (23.6%) 1 (8.3%) 6 (33.3%) 5 (16.1%) 3 (16.7%) 
30 + years 8 (14.5%) 2 (16.7%) 4 (22.2%) 2 (6.5%) 4 (22.2%) 
G
eo
g
ra
p
h
ic
a
l 
R
eg
io
n
*
 AMER
1 
13 (72.2%) 5 (27.8%) - - - 
EMEA
2 
26 (83.9%) 5 (16.1%) - - - 
APAC
3 
16 (88.9%) 2 (11.1%) - - - 
*The Chi-Square statistic and Fisher’s Exact Test showed no significance and Cramer’s V showed a weak 
relationship between the categories. 
1
 The Americas (AMER) 
2
 Europe, Middle East, Africa (EMEA) 
3
 Asia Pacific (APAC)   
 
Table 2. The main areas of expertise of the researchers in ISBS 
Area of Expertise Number of participants 
Sports Biomechanics 61 (92.6%) 
Kinematics 45 (67.6%) 
Sports Performance 43 (66.2%) 
Kinetics 34 (51.5%) 
Injury & Rehabilitation 17 (25.0%) 
Gait Analysis 15 (22.1%) 
Functional Movement 14 (22.1%) 
Ergonomics   4   (5.9%) 
Tissue Biomechanics   4   (5.9%) 
Cardiovascular   2   (2.9%) 
Impact Biomechanics   1   (1.5%) 
Modelling & Simulation   1   (1.5%) 
Physiology   1   (1.5%) 
  
Table 3. The main aspects of human movement measures by researchers in ISBS 
Human Movement Measures Number of Participants 
Sports Performance 43 (63.2%) 
Ground Reaction Forces 40 (58.8%) 
Muscle Activity (electrical and/or mechanical) 37 (54.5%) 
Gait (Walking, Running, Sprinting) 27 (39.7%) 
General Physical Activity   8 (11.8%) 
Nerve Conduction Studies   3   (4.4%) 
Movement (Kinematics)   1   (1.5%) 
Jumping   1   (1.5%) 
Angular Velocity (Acrobatic Sports)   1   (1.5%) 
Internal Forces   1   (1.5%) 
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Table 4. The frequency of use of various sensor devices and the preferences of the participants’ on whether the 
devices should be included in a multi-channel device. 
 
Use of sensor devices Within a single multi-channel device 
 
Frequently Less Frequently Rarely Agree Neutral Disagree 
Force Platform 55 (90.2%) 4   (6.6%) 2   (3.3%) N/A N/A N/A 
Accelerometer 23 (44.2%)
1
 13 (25.0%) 16 (30.8%) 35 (87.5%) 4 (10.0%) 1 (3.4%) 
Electromyography 
(EMG) 
20 (36.4%) 19 (34.5%) 16 (29.1%) 37 (88.1%) 5 (11.9%) - 
Global Positioning 
System (GPS) 
15 (41.7%) 10 (27.8%) 11 (30.5%) 26 (72.2%) 8 (22.2%) 2 (5.6%) 
Inertial Measurement 
Unit (IMU) 
13 (34.2%) 8 (21.1%) 17 (44.7%) N/A N/A N/A 
Gyroscope 10 (32.3%) 8 (25.8%) 13 (41.9%)
2
 26 (72.2%) 9 (25.0%) 1 (2.8%) 
Magnetometer 5 (20.0%) 4 (16.0%) 16 (64.0%) 17 (50.0%) 15 (44.4%) 2 (5.9%) 
Mechanomyography 
(MMG) 
- 2 (14.3%) 12 (85.7%) 8 (26.7%) 20 (66.7%) 2 (6.7%) 
1Sensor device dependency on Injury and Rehabilitation expertise: Fisher’s Exact Test returned p < 0.0005, 
Cramer’s V was 0.516 showing a very high significance and a strong relationship.  The non-experts frequently 
used the Accelerometer. 
2Sensor device dependency on Sports Performance expertise: Fisher’s Exact Test returned p = 0.011 (p <0.05), 
Cramer’s V was 0.509 showing a strong relationship between the categories.  The non-experts rarely used the 
Gyroscope.   
Table 5. Desired EMG sensor specifications 
Sensor Specification Like Neutral Dislike 
Wireless Transmission (Wi-Fi, Bluetooth, etc.) 45 (98.1%)
1
   2   (4.1%)  2   (4.1%) 
Usability (ease of movement - participant) 36 (73.5%)
2
   6 (12.2%)  7 (14.3%) 
Usability (ease of use - researcher) 33 (67.3%)
3
 10 (20.4%)  6 (12.2%) 
Software Analysis Tools 30 (65.2%)
4
 10 (21.7%)  6 (13.0%) 
Size (10 mm) 30 (62.5%) 18 (37.5%) -  
Sampling Rate (1 -2 kHz) 30 (61.2%) 18 (36.7%)  1   (2.0%) 
Analog-Digital Converter (ADC) 29 (63.0%) 17 (37.0%) -  
Bipolar (20 mm inter electrode distance) 26 (54.2%) 17 (35.4%)  5 (10.4%) 
Anti-aliasing Filter 20 (42.6%) 27 (57.4%) -  
Amplifier Gain (1000) 18 (39.1%) 28 (60.9%) -  
Material (Ag-AgCl) 13 (28.9%) 29 (64.4%)  3   (6.7%) 
Shape (Circular Disk) 11 (23.4%) 33 (70.2%)  3   (6.4%) 
1
Dependency on frequency of use: 81.8% of participants whom rarely use EMG, 91.1% across all levels of use. 
2
Dependency on frequency of use: 75.6% of participants across all levels of use. 
3
Dependency on frequency of use: 68.9% of participants across all levels of use. 
4
Dependency on frequency of use: 64.3% of participants across all levels of use. 
EMG Specific Findings 
A Likert Scale is used in Table 5 to categorise the EMG sensor specifications, wireless 
transmission and usability were the most important features.  Table 6 outlines the data 
analysis techniques participants would like included in a software package, filtering, 
rectification and RMS were most important.  The awareness and use of the various EMG 
devices is outlined in Table 7.  Researchers were most aware of sensors developed by Delsys 
and Noraxon, these were also the most frequently used brands.  
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Table 6. The software tools participants would like for data analysis 
Software Analysis Tools Agree Disagree Neutral  
Filtering 42 (97.7%) 1 (2.3%) -  
Rectification 37 (86.0%) 2 (4.7%)   4   (9.3%) 
Root Mean Square (RMS) 36 (83.7%) 1 (2.3%)   6 (14.0%) 
Integrated EMG (iEMG) 31 (77.5%) 1 (2.5%)   8 (20.0%) 
Spectral Analysis 30 (69.8%) 1 (2.3%) 12 (27.9%) 
Linear Envelope 29 (69.0%) 2 (4.8%) 11 (26.2%) 
Principal Component Analysis 25 (58.1%) 2 (4.7%) 16 (37.2%) 
Wavelet Analysis 22 (52.4%) 1 (2.4%) 19 (45.2%) 
Neural Networks 12 (29.3%) 2(4.9%) 27 (65.9%) 
Independent Component Analysis 11 (25.6%) 2 (4.7%) 30 (69.8%) 
 
Table 7. The awareness and use of EMG devices 
EMG Sensors Aware of Unaware of Used Not Used 
Trigno Wireless EMG System (Delsys) 43 (68.3%)
1
 20 (31.7%) 23 (36.5%)
2
 40 (63.5%) 
TeleMyo 2400T (Noraxon) 37 (58.7%) 26 (41.3%) 20 (32.8%)
3
 41 (67.2%) 
MyoSystem 1400A (Noraxon) 36 (57.1%) 27 (42.9%) 19 (30.2%)
4
 44 (69.8%) 
Bagnoli Desktop EMG (Delsys) 29 (46.0%) 34 (54.0%) 12 (19.4%) 50 (80.6%) 
Biometrics EMG Kit (Biometrics) 21 (33.3%) 42 (66.7%)   8 (12.7%) 55 (87.3%) 
MyoTestPro (Myotest) 20 (31.7%) 43 (68.3%)   8 (12.7%) 55 (87.3%) 
Clinical DTS (Noraxon) 19 (30.2%) 44 (69.8%)   1   (1.6%) 62 (98.4%) 
Shimmer3 Development Kit (SHIMMER) 19 (30.2%) 44 (69.8%)   8 (12.7%) 55 (87.3%) 
MyoTrac (Bio-medical) 12 (19.0%) 51 (81.0%)   1   (1.6%) 62 (98.4%) 
TeleEMG Focus Machine (TeleEMG) 10 (15.9%) 53 (84.1%)   2   (3.2%) 61 (96.8%) 
BioVolt & BioFlex (BioControl Systems)   3   (4.8%) 60 (95.2%)   1   (1.6%) 62 (98.4%) 
Dantec KEYPOINT Focus (Alpine Biomed)   3   (4.8%) 60 (95.2%)   1   (1.6%) 61 (98.4%) 
1
Dependency on geographical region: Chi-Square: p = 0.083, Cramer’s V = 0.287. No significance however, 
79.3% in the Europe, Middle East & Africa (EMEA) region and 70.6% in the Americas (AMER) region were 
aware of this device.   
2
 Dependency on geographical region: χ2 (2, N = 63) = 6.172, p = 0.048. Cramer’s V = 0.313, a moderate 
relationship between the categories: 47.1% in AMER region, 44.8% in EMEA region. 
3
 Dependency on geographical region:  χ2 (2, N = 61) = 7.054, p = 0.030. Cramer’s V = 0.340, a moderate 
relationship between the categories: 60% in AMER region.    
4
 Dependency on geographical region:  χ2 (2, N = 63) = 7.011, p = 0.028. Cramer’s V = 0.334, a moderate 
relationship between the categories; 52.9% in AMER region.    
 
Discussion & Implications 
This is the first study to present findings on the awareness and uses of sensor devices and the 
expectations of the sports biomechanics community about these sensor devices.  The results 
show that the members of this community have common expectations about sensor devices 
(see Table 5). 
Participant Specific Demographics 
A limitation of this survey was the fact that it was not published in languages other than 
English and therefore this may have presented a bias in responses towards those members 
who speak English fluently.  It can be seen that the most responses came from the United 
States, the United Kingdom, Australia and Ireland.  Given that the language of the society is 
English it was expected that this would not deter responses from researchers’ whose first 
language was not English.  The expertise of the researcher (see Table 2), the types of human 
movement measures performed (see Table 3) and the sensor devices they use (see Table 4) 
are all closely related. 
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Nature and Use of Sensors 
Results outlined in Table 4 indicate that there is a desire by researchers to have a single 
multi-channel device.  When monitoring athletes, there are multiple things to look at, from 
both a researcher and a coach’s perspective.  Information about what the muscles, joint 
segments and the whole body are doing during a particular movement is fundamentally 
important to the practitioner.  A profile of which muscles are active during particular 
sequences of movement can prove very beneficial in sports performance and injury 
prevention (Yu et al., 2008).   This desire by researchers to have a multi-channel device for 
the analysis of sporting movements indicates that they believe it will be of benefit during 
testing to have multiple sensors on one device but the results show that not all sensors were 
desired.  EMG devices were shown to be the most popular sensor in a multi-channel device 
and frequently used, however given that the survey was sent with an emphasis on the 
participants having used EMG devices, this result is expected.  The accelerometer was the 
next most popular sensor sought in a multichannel device and was also shown to be one of 
the most popular sensor devices from the frequency of use scale.  GPS devices were evenly 
spread across use categories, but participants agreed with its use in a multi-channel device.  
Gyroscopes and magnetometers have similar functionality. Both were rarely used by 
participants but were found to be useful in a multi-channel device, however, more researchers 
are opting for the gyroscope.  The majority of researchers rarely used Mechanomyography 
(MMG) sensors. As such its addition to a multi-channel device was shown to have less than 
30% agreement.  The majority of respondents chose to remain neutral. 
EMG Specific Findings 
The results show clearly that for EMG, a full wireless sensor is the most important feature to 
participants (see Table 5).  Even participants who had not used, or rarely used EMG devices 
highlighted the need for wireless capability, which shows that sports biomechanists know that 
they want a fully wireless system, even if they have not used them.  The ease of movement of 
the participant wearing the device is very important, highlighting the need for wireless 
functionality.  To achieve more ecologically valid results the need for non-encumbrance 
during human movement for participants is necessary, 73.5% of respondents want the device 
to be useable in terms of ease of movement for the participant.  Responses from the open 
ended question also showed similar views.  Wireless capability was the most important 
feature.  One particular researcher stated that ‘Transmitter devices worn are always in the 
way’.    There are many ways in which wireless sensors are better than the wired equivalent: 
less cumbersome for the athlete, the ability to perform tasks in their ecologically valid 
environment and an easier and quicker set up time for the practitioner (Robertson et al., 
2014).  However, it is unknown if the signal quality is comparable (Feng & Jiangchuan, 
2011) to wired devices.  A study on a comparison of electroencephalography signals which 
were acquired from both wireless and wired systems showed no significant difference 
between data (Ries, Touryan, Vettel, McDowell, & Hairston, 2014).  There is a need for 
additional research on sports sensors to compare data acquired in both wireless and wired 
conditions.   
The respondents mentioned that sensors should be as small as possible but they did not 
express preference for shape or material used. Operation time with a long battery life was 
found to be imperative.  Functionality in various environments was notably important, such 
as indoor and outdoor testing and teaching demonstrations.  Portability, reliability and 
durability were another high priority from the survey results, making sure there is no 
impedance of the participant’s movement.  The devices need to be lightweight and 
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unobtrusive for the participant.  Each of these features also show that wireless functionality is 
key, for devices to be portable and unobtrusive they need to be wireless. The need for a small, 
lightweight, wireless device which is easy to use and gives accurate and reliable results is 
what the practitioners are looking for.      
Results indicate the importance that the software utilities are provided on board a device or as 
an accompanying package, Table 6.  As indicated by respondents in the open ended question, 
the device needs to synchronise easily with existing hardware such as motion analysis 
systems, it also needs to easily export to Excel, Matlab, and other commonly used analysis 
packages.  A critical component of accompanying software is the usability of both the 
acquisition and analysis components for the practitioner.  It was noted that the software on 
the devices needs to be easy to use for teaching demonstrations while also have all the 
capabilities and data analysis techniques necessary for the required analysis with the ‘core 
functions easily accessible’.  If the software is difficult to use and navigate through, it will not 
be used in the field.   
Signal processing is an area which is generally under-utilised in the area of sports 
biomechanics.  There are many well-known post processing methods which are commonly 
used such as rectification, filtering, RMS and other frequency domain techniques.  It is 
understandable that these methods would be the most popular chosen to be applied to data, as 
these are what researcher’s categorise as ‘core functions’.  Spectral Analysis and Power 
Spectral Density functions are performed in the frequency domain.  These are more advanced 
signal processing methods and are not as well known.  Other more advanced algorithms such 
as Principal Component Analysis, Wavelet Analysis, Neural Networks and Independent 
Component Analysis are least commonly used in the area of sports biomechanics.  These 
algorithms can be used in feature extraction (Naik & Kumar, 2011), signal separation (Kilner, 
Baker, & Lemon, 2002; Nakamura, Yoshida, Kotani, Akazawa, & Moritani, 2004) or pattern 
recognition (Lariviere, Gagnon, & Loisel, 2000; Wakeling, 2009) for example.  A deep 
understanding about the inner workings of these algorithms is necessary before they can be 
applied to data.  These techniques can be very useful in the area of sports biomechanics for 
recognising patterns in sports performance and possibly predicting injuries (Yu et al., 2008).  
Results could then be used to help with rehabilitation after injury or for technique 
improvements and prevention steps prior to injury occurring.  Results showed many 
participants indicating a neutral reference for these techniques due to lack of knowledge in 
the area.  By creating a knowledge base in this area and having those processing techniques 
more readily available, there may be huge progress made in the analysis of human movement 
from a sports biomechanics view point.  A study on gait characteristics in people with 
dementia showed improvements in gait after a randomised controlled trial, resistance and 
functional training was completed during the trial (Schwenk, et al., 2014).  Similar trials on 
sensors devices are needed to determine if improvements in performance are possible.  Future 
work needs to be done to evaluate whether multi-sensor devices can provide outcomes such 
as improvements in performance and reduced injury rates.   
From the results gathered on features of the EMG devices there is a clear understanding by 
researchers of what is needed.  Developers of sensor devices for use in sporting applications 
need to collaborate with practitioners to understand what works and what needs to be 
produced.  The features of the well-known brands closely match that of the features 
highlighted in the responses to the survey.  A key finding from the survey is the fact that 
there is a geographical emphasis as to who is using what device (see Table 7).  American 
based companies with European offices are shown to have a higher awareness in AMER and 
EMEA regions, showing that marketing of the devices is not spreading outside of these 
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regions.  This is a disadvantage to other regions as they are not made aware of these devices 
and likely cannot avail of them as a result.  A huge advantage for companies is having a 
device with software tools which are user friendly and are compatible with the motion 
analysis systems.  There is a benefit in having a system which operates without too much set 
up and additional coding to retrieve the data.   
Conclusion 
The aspects of human movement being analysed requires many different metrics to develop 
improvement in performance or injury prevention methods.  Sport biomechanists want one 
device and one software package, with all the necessary processes and data analysis 
techniques.  With all of these measurement capabilities available on one device, a near 
complete picture of human movement can be formed.  This can help provide deeper 
understanding of human movement and facilitate research in sports performance, injury 
prevention and rehabilitation. In conclusion, practitioners and coaches should seek out 
wireless sensor devices to aid with data collection in ecologically valid environments.  This 
will align closer with the movement patterns and muscle activations athletes experience 
during their sport and give a more realistic picture rather than simulated results in a 
laboratory setting.  However, while devices can be designed to achieve non-encumbrance and 
to collect and store more data without affecting performance, evidence is required to 
determine if these devices are superior to existing systems or if they will improve 
performance or prevent injury.     
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